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Motivation for Radiation-Hard Scintillator and WLS Fiber

Development

Future and upgradecolliders impose unprecedenteahallengeson the radiation
hardnes®f the active mediaof the calorimeters Scintillatorsplay a centralrole as
theactivemediumof calorimeters

What are we looking for?
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Compact

High light yield
High resolution
Radiationresistant
Fast

Cost effective
scintillators.
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Intrinsically Rad-Hard Scintillators

Commercially Available Scintillating Materials:

A PolyethylenéNaphthalat¢PEN)
A Polyethylene Terephthalate (PET)

PEN

V Intrinsic blue scintillation (425 nm)

PET:

V A common type polymer

V Plastic bottles and as a substrate in thin film
solar cells.

V Emission spectrum of PET peaks at 385 nm
[Nakamura, 2013]




Intrinsically Rad-Hard Scintillators

HEM/ESR: supm film stack of Poly(Ethylen2,6-Naphthalate)/PEN,
polyester, polyethylene terephthalate (PETintrinsic blue scintillation!
425 nm; 10,500 photons/Me\X &

A LETTERS JOURNAL EXPLORING
it Frosmicas or Puvsics .]ul}r 2011

EFPL, 95 (2011} 22001 www.epljournal . org
doi: 10.1209/0295-5075/95/ 22001

Evidence of deep-blue photon emission at high efficiency
by common plastic

H. Naxamural>2®), ¥, Spirawawa?, 5. Takamasm! and H. Samuazu®

Table 1: Properties of the three samples used in the present study.

Material Polyethylene Organic scintillator Plastic bottle
naphthalate (ref. [14]) (ref. [13])
Supplier Teijin Chemicals Saint-Gobain Teijin Chemicals
Base (C1aH10O4)n (CoHyp)n (C1oHaO4)n
Density 1.33 g/cm® 1.03g/cm® 1.33 g/cm?
Refractive index 1.65 1.58 1.64
Light output ~ 10500 photon/MeV 10000 photon/MeV  ~ 2200 photon/MeV
Wavelength max. emission 425 nm 425 nm 380 nm
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Intrinsically Rad-Hard Scintillators - PEN
100MRad(1 MGy) Radiation Resistance!

N. Belkahla et al.,Space charge, conduction and photoluminescence measurements in gamma irrad
poly (ethylene,6-naphthalate)Rad. Physics & Chemi101, August 2014

Abstract: Polyethylenenaphthalatg PEN) thin films were subjected to gamma rays at different doses a
changes in both the dielectric aptiotophysicaproperties were investigated. Samples were irradiated ir
air at room temperature by means dd@Co gamma source at a dose rate of &3Amin. Total doses of
650kGy(344h) & 1023kGy550h) were adopted. The high radiation resistance of PEN film is highlight
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http://www.sciencedirect.com/science/article/pii/S0969806X14001108
http://www.sciencedirect.com/science/article/pii/S0969806X14001108#aff0005
http://www.sciencedirect.com/science/journal/0969806X/101/supp/C

Laboratory

Beam Test Results
Measurements
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PEN Performance in Beam Measurements

We tested 2 4 mm thick PEN and PET tiles read out
with green wavelength shifting fibers with 16@V
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New SiX Scintillators

AThe scintillators have a base
material, primaryfluor, and
secondanyfluor.

AThe main scintillation comes
from the primaryfluor.

AThe secondarituor, or

waveshifter absorbs the

LINA YI NBQa SYAaaAh
emits to a wavelength that is
desirable for optimum

efficiency.
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SiX Production
Finger Tiles
Y .' ; :/’ ;‘

Control Circuits







ScintillatorX response to 150 GeV muons
SiPMdirectly coupled to dimple (Hamamatsu S125¥ID)
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Testawith DirectPMTCoupling

A Tilestested:clean quartz, PEAhd 9X-1
A Beam:Fermilabl20 Ge\proton beam

A ReadoutHamamatsu R7608R00directly coupled tathe
edgeA Scope

Tile PMT
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CleanQuartz
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Events / 1 Photoelectron
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Radiation Tests



New SiX Scintillators

Lose only 7 % transmission after 40 Mrad proton radiation

Transmission
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Figure 3: The transmission before and after irradiation;



New NSiX0 Scintillators

Almost no change on emission and absorption after
irradiation



